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Among animals which have been topically
treated with chemical carcinogens, differences
in susceptibility to tumor induction as a func-
tion of age have been reported for both haired
(1, 2) and hairless (3) mice. This investigation
was undertaken to test a third member of this
allelic series, i.e. rhino (hrrkhrrk), in an anala-
gous situation, using 9, 1O-dimethyl-1 ,2-benzan-
thracene (DMBA) as the carcinogen.
Since there are striking changes in the skin
of rhinos during the aging process, which may
lead to differences in response to treatments,
and because some of these involve pigment and
sebaceous gland changes not reported previously,
the aging changes in the skin of untreated rhino
mice were re-examined and will be reported
here in some detail.
MATERIALS AND METHODS
The origin of the rhino mice used in this study
was described previously (4). The animals fell
into two age groups at the beginning of the project,
one 10—12 months (mean weight 24.6 g), and the
other 2 months of age (mean weight 18.6 g). They
were arranged in the experiments described below.
The mice were all treated with DMBA, which
was made up and administered in one of two ways.
According to the first, a mineral oil solution (1.0%
w/v) was simply pipetted and dropped onto the
backs of conscious animals. The older mice received
4 drops of solution (500 tg DMBA), and the
younger animals received only 3 drops (375 tg
DMBA), in an attempt to compensate for their
smaller surface area.
With the second method, modified from that of
Iversen and Evensen (5), DMBA was dissolved
in a 95:5 (v/v) benzene-mineral oil mixture and
applied locally to a 113 mm2 oval flap of mid-dor-
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sal skin held in, and limited by, a small chalazion
forceps (fig. 5A). The volume pipetted onto the
skin was always 10 ,l, and it contained either 10 Lg
or 50 tg of DMBA.
In Experiment I, 10 older and 10 younger
rhino mice were treated using the first method de-
scribed above. In Experiment II, using the second
treatment method, the experimental subjects were
6 older mice which received 50 tg of DMBA, plus
10 younger mice which received 50 Lg of DMBA
one day, and 10 Lg one week later, on the contra-
lateral side.
A group of 60 untreated rhino mice, evenly dis-
tributed over a period of from 1 to 12 months of
age, was the subject of a study of the aging changes
which occur in such animals.
The housing of animals, sources of chemical re-
agents, methods of recording experimental data,
and histologic procedures were described previously(4). This report deals with results obtained during
9 observation periods (9 weeks) after the initial
DMBA treatment of the animals. The enumeration
data are based on the fact that the skin growths
could be recognized as papillomas when they
reached somewhat less than 1 mm in diameter. By
the ninth week after initial treatment, the growths
which had appeared first were 3—4 mm in diameter.
Squamous cell carcinomas appeared after a much
longer latent period, and the data derived from
their occurrence will be published at a later date.
RESULT5
The skin of the rhino mouse progressively
thickens during the first 3 months of life as a
function of cyst proliferation and accumulation
of connective tissue. In figure 2A, the utriculi
at 1 month may be seen to extend almost entirely
through the dermal connective tissue, whereas
figure 2B illustrates utriculi of at least equal
size being separated from the hair germ cysts
by a significant dermal layer. Although the deep
cysts increase in size and number throughout
the life of the mouse, the cotmective tissue
layer separating utriculi and hair germ cysts
remains a constant feature (fig. 2C, 2D, 30).
The wrinkling and thickening of the rhino
skin varies with body area. By 2 or 3 months
of age, skin folds are noticeable over the rear
quarters of the animal; the thickness of the
fold is reflected in the number of cysts visible
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FIG. 1. A. Mouse breeder pair; homozygous rhino (hrnl) male and heterozygous female.
Several stages of hair loss are represented in 3 homozygotes of their 18-day old litter.
Approximately life size. B. Rhino mouse, 12 months of age. Skin covered with pasty layer
of sebum and keratinous debris. Arrow indicates area from which debris was removed with
forceps.
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Fio. 2. A. Vertical skin section rhino mouse, lmonth old. Utriculi (hair canal cysts) extend
to fat layer, in which separated hair germ papilla (P) may be seen. >< 68. B. Vertical sec-
tion, rhino mouse, 3 months old. Enlarged utriculi (U) associated with sebaceous glands,
now more prominent than at 1 month. Deeper cysts (C) developed from pilosebaceous
rudiments contain little keratin; fat layer has largely disappeared. >< 68. C. Rhino mouse,
5 months old. Most utriculi have decreased in size while deeper cysts have proliferated. Skin
is considerably thickened. >< 68. D. Rhino mouse, 7½ months old. Note hypertrophy of
sebaceous glands and deep cysts. >< 68.
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Fw. 3. A. Rhino mouse, 5 months old; anterior dorsal (mid-scapular) section. Compare
with figure 3B. >< 16. B. Rhino mouse; posterior dorsal section from same animal as figure
3A. Note thicker skin with more deep cysts, wave-like folds not seen in anterior section.
>< 16. C. Rhino mouse, 12 months old; posterior dorsum. llJtriculi reduced to tubular ducts
while sebaceous glands have hypertrophied. Skin is massively thickened and folded as a
function of deep cyst proliferation. >< 16. D. Hairless mouse, 12 months old. Note similarity
to rhino, but with less pronounced utriculi, sebaceous glands, deep cysts, skin thickness, and
folds. >< 16.
in a vertical section of the skin (fig. 3B). The
folds are much less pronounced over the thorax,
and this is also apparent in the histologic pic-
ture (fig. 3A).
Like their hairless and haired counterparts,
young rhino mice have a thin epidermis, con-
sisting of only 2 or 3 cell layers. Between the
eighth and twelfth month the number of cell
layers approximately doubles (fig. 4B). From
the fifth month on, hypertrophy of sebaceous
glands is accompanied by involution of utriculi,
so that the epidermis and upper corium even-
tually come to resemble the skin of old hairless
mice (compare figs. 3C, 3D). In the rhino
mouse, animals 9 months and older acquire a
pasty coat of surface lipid mixed with keratinous
debris. (fig. 1B). This cheese-like incrustation
is morphologically continuous with the massively
hypertrophied sebaceous glands below, a fea-
ture not found in hairless mice.
The older animals show an increased frequency
in the appearance of erythematous areas, about
3 to 4 mm in diameter. A cornified plug
gradually forms, and is eventually extruded
along with a quantity of pustular material.
Histologically, these lesions appear to be a
granulomatous foreign body reaction to the
contents of a perforated dermal cyst (figs. SB,
SC).
Mortality increases sharply by the tenth
month. Rhino mice rarely live to 15 months of
age, whereas haired and hairless mice frequently
live beyond 30 months.
Response to carcinogen treatment
Aside from the appearance of tumors and
hyperpigmentation, treatment of the older ani-
mals with the mineral oil solution of DMBA
produced no grossly visible changes in the skin.
With the benzene-mineral oil mixture as the
solvent, 50 g of DMBA produced a barely
visible erythema in the treated areas of the
older animals; the same treatment led to a
more severe reaction in the younger animals,
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Fia. 4. A. Part of figure 2B enlarged, showing reduction of utriculi and hypertrophied
sebaceous glands (S). )< 109. B. Epidermis and upper corium of 12 month old rhino mouse.
X 258.
leading to a bright erythema, some scaling, and
a marked edema. Such areas did not ulcerate,
but a small amount of contraction was evident
when the erythema had subsided at about 2
weeks after treatment. Blue nevus-like spots
developed in 6 out of the 10 areas so treated.
When young animals were treated either topi-
cally with 10 g of DMBA, or generally with
DMBA in mineral oil, a mild erythema de-
veloped and then faded during the first week
after treatment; blue nevus-like spots formed
in only 1 out of 10 such areas of animals treated
topically.
Since the older rhino mice became rather
generally pigmented and covered with surface
lipid early in the experiment, it was difficult to
establish the point at which DMBA-induced pig-
ment spot formation began. The data sum-
marized in tables 1—3 indicate, however, that
the young rhinos are much more susceptible to
the tumorigenic action of DMBA, than are
similarly treated older mice.* All animals ex-
* The kind assistance of Dr. Ronald E. Davies
hibit an increasing number of tumors with the
passage of time, but the total number of tumors
per affected animal and the increase of this
number with time are both much smaller in
older animals than in younger animals. Gen-
eralized topical application of DMBA produced
significantly more tumors than did local applica-
tion in young animals, whereas the effects of
the two methods of application on older animals
were approximately the same over most of the
observation period. A similar treatment differ-
ence was, however, appearing in the older ani-
mals by the end of the reported observation
period. It is also apparent that there is no sig-
nificant difference between the responses of the
young animals receiving 10 g and of old ani-
mals receiving 50 g. The difference between
these two groups and the group of young ani-
mals receiving 50 g is highly significant, a
fact which parallels the observation that the
young, but not old, animals displayed a severe
in the statistical interpretation of th6 data pre-
sented is gratefully acknowledged.
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FIG. 5. A. Etherized mouse positioned for application of DMBA in benzene-mineral oil
solution. Chalazion forceps limit area treated to a 113 mm2 oval on skin flap. B. In-
flammatory foreign body reaction in the area of a perforated cyst. 10 month old rhino
mouse. >< 29. C. Part of fig. SB enlarged. >< 86.
early reaction to a 50 p.g DMBA dose on the
113 mnf surface area treated.
DISCUSSION
The skin of the young adult rhino mouse is
characterized by the presence of multiple, im-
pacted keratosebaceous cysts which open to the
surface through hair canal utriculi, and which
are strikingly similar to the comedones of human
dude wrinkling and thickening of the skin,
accumulation of melanin in cysts, thus giving
the animal a spotty appearance, and the deposi-
tion of a surface layer containing sebum mixed
with keratinous debris. Histologically, aging
involves an increase in epidermal thickness, in-
crease in size and number of the deep cysts
which lack an opening to the surface, and an
apparent involution of utriculi and hypertrophy
of associated sebaceous glands (fig. 2A—2D,
acne. The most conspicuous aging changes in- 3A—3C, 4A, 4B).
tfl¼
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TABLE I
DMBA —induced tumors in young and old rhino mice. Mean number of tnmors per animal
with tumors.
Period
Age groups
Young animals Old animals
Local treatment
.Generalized
35Og
Local
5Og
Generalized
5OOg5Og 1Og
1
2
3
4
5
6
7
8
9
0 (0/10)*
0 (0/10)
1.20 (5/10)
2.33 (9/10)
4.10 (10/10)
5.00 (10/10)
5.70 (10/10)
6.30 (10/10)
6.70 (10/10)
0 (0/10)
0 (0/10)
1.00 (1/10)
1.00 (5/10)
1.00 (5/10)
1.60 (5/10)
2.00 (5/10)
1.75 (10/10)
—
0 (0/10)
0 (0/10)
2.00 (5/10)
5.00 (9/10)
5.70 (10/10)
7.80 (10/10)
9.10 (10/10)
12.40 (10/10)
12.90 (10/10)
0 (0/8)
0 (0/7)
0 (0/6)
2.00 (1/6)
3.00 (2/6)
3.00 (2/6)
2.67 (3/6)
3.25 (4/6)
2.80 (5/6)
0 (0/10)
0 (0/10)
2.00 (2/10)
2.20 (5/10)
2.20 (5/10)
2.33 (6/10)
2.14 (7/10)
4.62 (8/10)
6.75 (8/9)
* (Number of animals with tumors/number of animals surviving at that observation period.)
Old rhino mice respond much less dramatically
than young rhino mice to the action of DMBA
treatment (tables 1—3). In interpreting the analy-
ses of variance, it appears that all main effects (age
of animals, method of treatment and period after
treatment) are highly statistically significant (ta-
ble 2). It has been pointed out that if the two dé-
grees of freedom for treatment are partitioned to
give a pair of orthogonal comparisons, it becomes
apparent that there is no significant difference be-
tween the responses of young animals receiving 10
g and of old animals receiving 50 g, but that the
difference between these two groups and the group
of young animals receiving 50 g is highly signifi-
cant (table 3). Although the design permits no di—
rect evaluation of treatment-period interaction, a
breakdown of this interaction into components
analogous to the treatment comparisons described
above indicates that the interaction is drawn from
a homogeneous population. It is of interest that
the pooled period-treatment interaction variance
in this population is numerically equal to that of
the analogous period-treatment-age second order
interaction of the previous analysis (table 2). These
two values represent overlapping but non-identical
populations: thus their numerical equivalence
lends some strength to the interpretation of re-
sults as representing a homogeneous population
modified only by the superimposed treatments.
Of two haired strains of mice treated topically
with methylcholanthrene by Cowdry and
Suntzeff only one gave evidence of an age
difference with regard to tumor susceptibility
(1). There has apparently been no effort to
investigate this problem using the C57BL strain
under conditions which include controlling the
TABLE II
Effects of age and of method of application on
appearance of DMBA -induced tumors in
rhino mice. Analysis of variance.
Component of variance
Degrees
of
freedom
Mean
squares(Var-
iance)
Signif-
icance
Total
Age of animals
Method of application
Age X Method
Period (time)
Period X Age
Period X Method
Period X Age X Method
35
1
1
1
8
8
8
8
62.07
23.51
9.05
28.52
4.94
2.95
1.00
**
n.s.
<.05.
= <.01.
n.s. not significant.
stage of hair growth. Because the hairless and
rhino animals used in this report were derived
from outcrosses to the C5IBL strain, experi-
ments have been undertaken to determine
whether such an aging difference exists in haired
C7BL animals, as well as haired heterozygotes
of the C57BL-hr+ strain, and therefore whether
strain background may make any contribution
to the aging difference noted by others in hair-
less mice (3) and noted in this report in rhino
mice.
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TABLE Ill
Effects of age and of concentration of locally applied DMBA on appearance of tumors in
rhino mice. Analysis of variance.
Component of variance Degrees of freedom Mean square(Variance) Significance
Total 23
Treatment 2 8.56 **
#Young 10 vs. Old 50 1 1.94 its.
Young 50 vs. others 1 15.18 '
Period (time) 7 7.20 **
Period X Treatment 14 1.00
Period X T1
Period X T2
7
7
O.48 KNot significantly different, thuspooled interaction used for anal-
ysis of main effects.
#Young 10 = areas on younger animals receiving 10 pg DMBA.
Young 50 = areas on younger animals receiving 50 pg DMBA.
Old 50 = areas on older animals receiving 50 pg DMBA.
= <.01.
n.s. = not significant.
Montagna et at (3) painted hairless mice
(ranging in age from 1½ to 22 months) once
with 3-Methylcholanthrene (MC). They found
the older animals to be seemingly more refrac-
tive to the carcinogen, as measured by the de-
velopment of skin growths. This was in contrast
with results from Hueper's work (6), where
multiple paintings with MC were less effective
in young animals than in old. With regard to
the direction of the aging change in tumor sus-
ceptibility, the results of this report are in agree-
ment with those derived from hairless mice (3),
but opposite to those derived from hairless rats
(6). This is of particular interest, since as
Hueper has pointed out (6), the hairless rat
(Hy, hypotrichosis) is of the 'rhinoceros' type.
A more direct comparison between the re-
sults in hairless rats and rhino mice may be
possible at the conclusion of an experiment
which has just begun. Rhinos of two age groups
are being treated thrice weekly with DMBA or
with MC for a period of three weeks, and these
data will be the subject of a subsequent report.
The application of a smaller total dose to the
young animals of experiment I, and the restric-
tion of the applied carcinogen to a limited area
in experiment II, were done in an attempt to
obviate the difficulties in comparing results
from animals of different weights and therefore
of different surface areas. An appropriate ques-
tion at this point involves understanding the
contribution of physical or physiological factors,
or both, in the observed differences. That is,
does the difference in susceptibility reflect only
a difference in the amount of active agent coming
into contact with sensitive cells, perhaps be-
cause of the difference in skin morphology, or
is there a factor in the physiological condition
of the older animal which also makes a contribu-
tion? It is hoped that at least partial answers
to this question may be gained through measure-
ments of carcinogen remaining in skin at various
times after treatment, using the fluorescence
technic described by Bock and Burnham (7).
SUMMARY
The presence of multiple, comedone-like
keratosebaceous cysts characterizes the skin of
young adult rhino mice. With increasing age,
such cysts, opening to the surface through hair
canal utriculi, decrease in size, but remain
associated with massively hypertrophied seba-
ceous glands. Histologically, aging also involves
an increase in epidermal thickness, and an in-
crease in the size and number of deep (hair germ
papilla) cysts which lack an opening to the
surface. Macroscopically, these changes are
accompanied by wrinkling and thickening of the
skin, accumulation of melanin in cysts which
gives the animal a spotty appearance, and the
deposition of a surface layer containing sebum
mixed with keratinous debris.
Younger rhino mice (2 months) are much
more susceptible than older rhino mice (10—12
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months) to the carcinogenic effect of DMBA,
as measured by the frequency of appearance
of skin papillomas. Using an analysis of vari-
ance, it is shown that there was no significant
difference between the responses of young ani-
mals receiving 10 g on a defined area and of
old anima's receiving 50 g. However, the differ-
ence between these two groups and the group
of young animils receiving 50 g is highly
significant.
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